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Abstract 

We estimate the effective area available for cosmic-ray detection with a network of smart¬ 
phones imder optimistic conditions. To measure cosmic-ray air showers with a minimally- 
adequate precision and a detection area similar to existing ground-based detectors, the fraction 
of participating users needs to unrealistically large. We conclude that the prospects of cosmic- 
ray research using smartphones are very limited. 


Interactions of ultra-high-energy cosmic rays (UHECRs) with nuclei of the Earth's atmosphere 
create an avalanche of secondary charged particles that can be detected on the surface by giant 
air shower arrays such as the Pierre Auger Observatory [1] or the Telescope Array [2]. Recently 
it has been proposed to use the camera sensors of smartphones to detect these air showers. The 
Distributed Electronic Cosmic-Ray Observatory (Deco) [3] aims to use this technique for educa¬ 
tional purpose, whereas the Crayfis group (Cosmic Rays Eound In Smartphones) proposes to 
employ smartphones for scientific research [4,5]. 

Since the flux of UHECRs is very small (of fhe order of 1 per km^ per cenfury), an essenfial 
feafure for a cosmic-ray observafory is fo cover a sufficienfly large defection area. In fhe present 
short note we study this most basic feasibility requirement for sfudying ulfra-high-energy cosmic 
rays with an array of smarfphones. Additional imporfant issues, if fhe achievable even! rafe is 
sufficienf for such a defecfor fo be of scienfific inferesf, are fhe capabilify fo frigger on air showers, 
fhe qualify of fhe evenf reconsfrucfion, and fhe reconsfrucfion uncerfainfies in energy and arrival 
direction (see also [6]). 

The effective area of an array of smarfphones a la CRAYFIS [5] is given by fhe fofal area on fhe 
globe where fhe densify of phones parficipafing in fhe UHECR search exceeds fhe fhreshold for 
cosmic ray defection, weighfed by fhe dufy cycle /up of each phone. 


^eff ~ fup E -^i ^ (fsp fapp Pi Pthr)- (1) 

i 

Here fhe sum runs over all grid poinfs on fhe surface of Earfh, 'H is fhe Heaviside function, p, 
denofes fhe population densify in bin i and fhe area of bin i is given by A,, fsp and /app are fhe 
fracfion of fhe population owning smarfphones and running fhe app respecfively. Eor simplicify, 
fsp and /app are assumed fo be globally consfanf. 

Esfimafes for fhe populafion densify p, are provided by fhe Global Rural-Urban Mapping 
Projecf (GRUMPvl) for fhe year 2000 on a 30 arcsecond grid wifh an average area per grid poinf of 
0.6 km^ [7]. The corresponding populafion densify map is shown in Eig. 1. 

The minimal phone densify, pt^r/ for defecfing UHECR showers wifh an accepfable energy 
resolution of AE/E < 30% is 5000 phones per km^, for a fhreshold energy of E > 10^^ eV, and 
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Figure 1: GRUMPvl population density averaged over 0.5° x 0.5° bins. Densities are capped at 
max(min(p, 10~^),10^). 


1000 phones per km^ for E > lO^'^ eV, assuming an optimistic value for fhe effective sensor area 
of A e = 5 X 10“^ m^ (cf. Fig. 7 in [5]). * 

The number of active smarfphones depends on fhe fracfion of phones running af any given 
time, /up. Assuming fhaf Crayfis is running overnighf while fhe phone is charging, /up = j 
seems fo be a plausible value. Since for each grid poinf fhe down time is correlafed befween 
phones (no dafa faking during day time), /up diminishes fhe overall duly cycle, buf does nof 
enfer info fhe Heaviside funcfion in Eq. (1). 

The fracfion of people owning a smarfphone, /sp, varies considerably from counfry fo counfry. 
Values for 2013 are 56% for fhe USA, 47% for China, 17% for India and 14% for Indonesia [8]. In 
fhe following we adopf 50% as an opfimisfic esfimafe fhaf mighf be reached in fhe fufure. 

The mosf uncerfain ingredienf of fhe calculafion is fhe fracfion of smarfphone owners fhaf 
insfall Crayfis, /app. As a poinf of reference, fhe fhree popular asfronomical apps SkEye, Star 
Tracker and Google Sky Map accumulafe 11-56 million insfallafions fogefher [9]. However, Cifizen 
Science apps, such as CrowdMag [10] by NOAA for fhe moniforing of fhe Earfh magnefic field, 
can have as few as 1000 - 5000 insfallafions. And even fhe highly popular desktop-based search 
for exfraferresfial life, SETI@home, has only a little more fhan 100,000 active users [11]. 

The effective area of CRAYFIS as a funcfion of /app is shown in Eig. 2 for two values of pt^r cor¬ 
responding fo phone densities fhaf allow fhe defecfion of air showers above 10^^ eV and 10^*^ eV. 
As can be seen, fo reach fhe effective area of of fhe Pierre Auger Observafory CRAYFIS would 
have fo run wifh a parficipafion rate of /app > 15% if if fargefed only very energetic showers 
above lO^'^ eV. Eor a lower energy fhreshold of 10^^ eV, fhe parficipafion rafe would have fo be 
/app > 75% 

Eor comparison, an upper limif of /app for fhe aforementioned popular asfronomical apps is 
0.0056 assuming fhaf 1 billion devices running Android OS [12] and fhaf fhe insfallafion counf 
reflecfs fhe acfual number of apps in use. Even if fhe hunf for cosmic rays above 10^*^ eV were as 
popular as sfargazing, fhe corresponding effecfive area is zero, because fhere is no spof on Earfh 
where fhe population densify exceeds Pthr/ (/sp/app) = 4 x 10® people per 1 km^. 

We conclude fherefore fhaf unless fhe popularify and usage of fhe CRAYFIS app significanfly 
exceeds fhaf achieved by currenf popular science apps, fhere is liffle hope of confribufing fo fhe 
science of ulfra-high energy cosmic rays wifh fhe smarfphone approach. 


*It should be noted that even in this case, the energy and angular resolution that could be achieved by CRAYFIS is 
much worse than for conventional air shower arrays. For instance, the energy resolution of the Pierre Auger Observatory 
is 12% and the angular resolution is better than 1° [1], The arrival direction resolution estimated by the CRAYFIS group 
would be about 20° (10°) in azimuthal (zenith) angle for events with E = 10^® eV, and much worse for those at 10^® eV [5]. 
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Figure 2: Effective area of Crayfis for two energy thresholds as a function of the fraction of 
smartphone users participating in the UHECR search. Horizontal lines indicate the area of the 
surface detectors of the Pierre Auger Observatory and the Telescope Array. 


Acknowledgments: This work is supported by the EU-funded Marie Curie Outgoing Eellowship, 
Grant PIOE-GA-2013-624803, U.S. National Science Poundation grant NSE-PHY-1212538, and the 
James Simons Eoundation. 


References 

[1] A. Aab et al. [Pierre Auger Collaboration], "The Pierre Auger Cosmic Ray Observatory," 
[arXiv:1502.01323]. 

[2] T. Abu-Za 5 ryad et al. [Telescope Array Collaboration], "The surface detector array of the Tele¬ 
scope Array experiment," Nucl. Instrum. Meth. A 689, 87 (2012), [arXiv:1201.4964]. 

[3] DECO website, http://wipac.wisc.edu/deco 

[4] CRAYEIS website, http: //crayf is. io 

[5] D. Whiteson, M. Mulhearn, C. Shimmin, K. Brodie and D. Bums, "Observing Ultra-High 
Energy Cosmic Rays with Smartphones," [arXiv:1410.2895]. 

[6] E. Cartlidge, "Dialling up the cosmos", 

http://physicsworld.com/cws/article/print/2015/j an/15/dialling-up-the-cosmos 

[7] Global Rural-Urban Mapping Project, 

http://sedac.ciesin.Columbia.edu/data/set/grump-vl-population-density 

[8] http://think.withgoogle.com/mobileplanet/en/ 

[9] https;//play.google.com/store/apps/details?id=com.google.android.stardroid, 
https;//play.google.com/store/apps/details?id=com.lavadip.skeye, 

https;//play.google.com/store/apps/details?id=com. PYDPYO .StarTracker, 
retrieved May 17 2015. 

[10] GrowdMag website, http: //www. ngdc. noaa. gov/geomag/crowdmag. shtml 

[11] http: //boincstats. com/en/stats/O/project/detail, retrieved May 17 2015. 

[12] http://www.zdnet.com/article/google-io-android-stands-at-one-billion-active- 
users- and- counting 


3 






